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O 3 — 0 8 0 7 9 9 . 

V 

mmm 

- ft £ ' £ £ £ -T £ 

[»#^3] »#^ltCfeV>T, BufH^#:#M«l/— 9 f -^%L<tt-etl 

[»*3g4] MIR, fe<ttfii©IM^f H% 5 X 1 0 19 cm" 3 £< 

»*b<ttl X 1 0 19 c m" 3 gTt'feS^StOgiI?:Mt5Igi: 

HS#3g5] ^|g> SH, ££tmm<Z>*g^aH^*l%5 X 1 0 19 cm~ 3 J^ 
T, ^ftb<liixi O 19 cm" 3 £(Tt^SMItt0iilS:»SIit 

[§fMC6] »^«51C^3VNT, fiiatgRO-ffc^tt, SiN x O y C 2 ( 
0^x^4/3. 0 ^ y ^ 2 . O^z^l. 0 < 3 x + 2 y + 4 z ^ 4 ) X*2b »J 

[»#3S7] Mfft, ^ 5 X 1 0 19 c m" 3 « 
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6 o oict'iil^^^^eiig^tsrtMttsfiM^i 

[00 0 1] 
[0 0 0 2] 

;i/ T? <Z> 3 £1} £ Slfc 3 <Z> T* < . $tn mSflECDafiffi«t^i*«« b T 

V^4:?&^«£=fc>^#)T^M£*i£ 0 UttWtCfcfcfc^m&K: IT 10cm 2 

, V^T^D^ U VH±1*$y^;i/7 7 1 o nmiloM 
[0 0 0 3] 

A^) feflfflj *©flMRfcl:4 0 OSCJ£tT©it«!«HBfiT*fer*^. 
[0 0 0 4] 



0 3 — 0 8 0 7 9 9 



(tft) ©3^*;i^j&M^£bTffiv^;i£fcM#T, mmzz.fr by* 
-frTjgv^Tv^o iar<D^cmx'it(D^m^: -ri/ — if-y--;i/j £ig^r£ic 

tis^o^-r^o ) 

[0 0 0 5] 

^*«K©#^K:tt. #£3ftT^S%©T-ft%>*£fc«^ttli^;J:2 o 

0 c m 2 /V • s T& U , £fttt#ISI&3£ilt©fry-#a&l£, 1 3 5 0 cm 2 /V 

• s <01ft(D 1 T?L**«eV*. U-if-T--;i/&tCj:oT#£tl£¥## 

mm<D\**>^>&ifi*&<* &m&m^*m— : ¥-mftK]&f&-?z>mi*izte. m^fr 

* ¥mftm*<D&&<D it e, o g £ v * fc tbm&n&g v &m v < <gr l & . 

[0 0 0 6] 

TH#>T/Jn£<, fro, -€-©|fJBtt#»v*fc«>, HJgJcSVrscifctfTf^&fro 
[0 0 0 7] 

MH©^> - fcf-^C^QMii, • hf-9<DiB. ;J3<fctf^v> • fcf-^© 
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[0 0 0 8] 
[0 0 0 9] 

H^&W&J^J&J:^^ • H°-^©tfi;CMii#5 1 5 cm'^itlt, « 

^#ttaUD#tt£:*£&Bv\#ji&*l*. "T 5 15 cm"%Ttim 
&mm<Z>^^> • b?-*|8E#ttH:/.h3^tf, 5 15 c m~ 1 &>±'VlZ^-?<Drp'b 

[0 0 10] 
[0011] 

vV> • kT-^©tfJ^|Stt, #Hfft3i5g©9T> • fcT-$"fB5 2 1 cm" 1 ^ 
;L3^£J;i:&<, #f)tlti?#il©i^iiii»2 0 0 c m 2 /V • st'^c 
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«fc o K$£iki~£>fr : fcM- r <ft 0 
[0 0 12] 

[0013] 
[0014] 
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0 3 —.0 8 0 7 9 9 



1X1 0 19 cm~ 3 i:i-SZli:lCj;oT, 1 0 0 0 cm 2 /V • s H^^Xg&n 
[0 0 15] 

it. m2<D&M&v&m<Dmmt. u— tf-y--;wci:oT, mm^-m^m 

[0 0 1 6] 

*^a^>«, $*>tc, mm&Mfatf^^y • \?-?(D¥mm (fwhm) iz 

ZZX'it^r^mit (FWHM RATIO) FWHM R 

AT I 0#M^<, 1 {CjfiVN%©4Sif^ H ^^lCj£v>^3t5:^LTV>Si:%^. 
e>tl^>o fit, ElTb^^^^^i:^^, ^a^^imi^^lCli. FWHM 
RAT I OtfllZ&^&<DteEm^&Mmtf*£^Z£tftifr-Df=. 0 %<b 

mm-tfMK. mmteMfiutrnmommsMizij. mm^mm^mmizmvx^ 

[0 0 17] 

s-r^tf-^<z)^tcB8bT=t, m^#i&^i:^^B5^sr uttm* friz 



6 
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y • fc?-^ (4 8 0 cm" 1 ^®^-^) ©MI a fc-^H^ittf)^ V> - tf 
-?Ic (5 2 1 cnT^jSCDfcr-?) ^#Jo^%CD^^y, fi*T> I NT EN 
SITY RATIOi^. INTENSITY RATIOfCSUTH I 
fp<Dmmmm-&mVT*$bMX, INTENSITY RATIO^/hS^, 

[0 0 18] 
[0 0 19] 

(DftmftM-b^^-ftllb, 5X10 19 cm" 3 gT, liUlilXl0 19 cm" 3 K 

T^-r^rillC^oT, iiltiMIi: IT 1 0 0 0 c m 2 /V 

iSSJCfcoT, Jfc IT, 300~500cm 2 /V • s (D'fii&^tlC 
[0 0 2 0] 

Lt^L&#<d, iill IH?>©^1©^& 1 X 1 0 16 cm" 3 «T{CtSi 

tut, m&TmQmv&^mmizis^T, %t>#>T ^.n^>(D^m(Dmm^h^^ 

(lxi0 16 cm%) ©MtC l/--tf-yn-;i/£;fe-&oTtK mMlZit 



0 3 — 0 8 0 7 9 9 



[0 0 2 1] 

mm. mm. mmommtfm&X'bz^. Min io 15 cm" 3 aT© 

mzmmv. MQ^mm.tp a o~ 4 t o r rj^r) xiy-^~r--)v 
z&z.f£ozt\z.£^T, m^xmm. mm. gtmcDmrnvbtK. m^mm 
©^si^Mn-t^tSc m%.&. mm. mm. mmoymm^-r 

*l=fe> 1 X 1 0 15 c m~ 3 £XTX\ m^mmtf lOOOcm 2 /V - s 
[0 0 2 2] 

Dm^xAv*mz£^x7^fr7Tx¥m&&m*:Mf&h&mz. 
rt-ftxmm%L$:$E7f?i^ &z>\,H$-m. ®&>xmnQ<DWiMizisfc&. mm 
KmLtc^m^iz-t^^mz^^x. &mmzmm-tz>j3mt>misx^z>, l** 

(DxmvmmzmffinmiCDMmiz & o t& $ *i£ 0 ^-r s u 

■+ftiz'p&^z.n. &£tfr^)i7Tx¥mtis£*(?)±<D&mm<»Rmiz\ l $jsx 
tfWMztix^te^z.}!. t'fes. m^-^. m&xm&ter* fry r 
zj&f&hxb. -m. ^<DWk%:±%\z-&iiht=.<D*>. *(D±izmitmm&m*:m 
f&Lfcm&iziz, ?<Dmm*i'-*?-T--KLxm*>ftz>&m<D*v 
mit. -miz/bzte*j<Dx$>v. $.r=.. ®mm<Dzk%&&<Dtfm*>frz>mmzm 
#>t/j^v> 0 zitnt. T^K7 7x¥m{bm(Dmffiizjtfxtfw.Mz$ti. i*i#f& 
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1 i 



[0 0 2 3] 

^ SiN x O y C z (0^x^4/3, 0 ^ y ^ 2. O^z^l, 0 ^ 3 x 
+ 2y + 4z^4) T?mZft&ttW&&tlttW'?$>^X : bfr1iLt>te^<, $.t=.. -e 
0>ff£&5 0~1 0 0 0 nm#jiLTV^ 0 
[0 0 24] 

^wjir^^/^r^^frtsiBi*©^*, mm. mmvmmzt&^-t 
z>z.m$j:tfu-*f-7--)i<Dmz. : &&-tz>mm. mm. mm^mm^n-r 

«> \zi&m $ nt=.m&n$k h ^ > ^ * # - <z>^ -v * )vmmmm<D^mv $> y , =$- 
&#e>> #hs9!<jdei ~S4^j;tK-eti^ci@^-resa«B^e>^e>*^j:e»ic> 

-^tfJODT^;i,^ T X^(Z)^feJ:?/^V> • If - ^ <Z>3&^0> ;* - # 

i; * & "T -5 3 # *C £ 2> „ 

[0 0 2 5] 

0 5 tt, ®^#Ifr,g#2 2 cm 2 /V • s , 2 0 1cm 2 /V • s ;£<kl>*9 8 
0 cm 2 /V • s ilWfeZftfe U—*?-7 — -;WCJ:oT7£f&£*l£:^*;W£ 

V> • lf-^(D^ffiipS (FWHM) Sr^L^^ODT-fe^o HlC&^T, 
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mfi>frte£ol^.n : ?-&mm-fr2 2 cm 2 /V • s©t)0»FWHM^t<, b 
[0 0 2 6] 

l?lil^2 0 1cm 2 /V- s©%Ott, ^*m^|Hlb<8Xl 
0 20 cm" 3 1r&o£„ 0*^^e>7b^i:^lC, :£SgimcFWHMte{&Tb-t^<2> 

FWHMCMW^t^ot. fit, f§J?TiCJ:oT&, 
#9 8 0 c m 2 /V • s ©^©fcfiMSf&SV^tt-fctlJ: tj /J\£ & F WHMlJDi?:^ 

l 0 f w h m $ v % ^ v > e> r it ^omfton^&mm S w£ v * ^ ~ £ 

^^M^EbTfesr i:$:jti*bT^s„ bfrb&#£> f/W^i:btiIts 

[0 0 2 7] 

M^WJ^Q 8 0 cm 2 /V • s(Z)%tfm, &£Sgftft(Z) 2 O iCifc^T. 
fb</J^<|fllXl0 19 cni" 3 tfeofe o a^^^^^^i^lC ^MSHICF 
WHM«/Jn$<, $ ^{CFWHlVKD^m^^*^^ Zl © ^ il «^^6^1C« 

[0 0 2 8] 

b#)££:ht>lc, l/-^-r--^/©*#«:*»'ffcL/3&W-titt3Qie>&v^ 
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Is—tf-ZLTl*. &mx.*ris-?-U-' I'-lf-, YAGU- 

¥Mfa<DmgM±. mmom&izizxu&T-e 1 4 o o^cjw±, y 

?A(Z>^-£lc«:*;^CEETT* 1 0 0 0 SCJ^itfiftM"^^ 
, #l;tk£> ai^rS/V- I/— ^-eH^stiTVAS j;e>& l 0:J-y#£:v^S#>T 

[0 0 2 9] 

(t»T?2 oo~60 oict i o#~6B£ra©y:^-;i/&S£i£^;itteiSv^-¥ 

$>sh#^.e>tiSo ¥^#*tc^it, mm. mmmtf&<^£ftz>m&izizz\n 
mm. mm. mm^(Dmm^mL<^^m^izit. fyyvzsy • #>fzm 

[0 0 3 0] 
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mmm i ) 

St6*>{c i o o%T;i3yi?&j]izo. 5r?;*.#;i/ (pa) -e&ofc. y;i/df>tc 

£(±t*feofc 0 SAliJtt2 0 0Wt% RFMW13. 5 6MHzt'$ofc 
c -e©^. r®7 : E^77^i/y 1 0 0 ^mx 5 0 0 jttm0^Md 

y^>^U 7 ; E;i/77^i/ , J3>l6 0 2l:ffc„ 
[0 0 3 1] 

H*. 2?k>(*ymM.ft%rm (SIMS) tciotSI^U^ 
[0 0 3 2] 

OV%T\ Ifflll: 1 0" 5 t o r r (D&tHDMQ^*Km%. JC^^lC^tt 
^tlfe^^$:iiLTx^i/v- (KrF I/- if-. M*2 4 8 n m 

, A;i/XiHl 0-t-y#, lM^-2 0 0mJ, M£fA;i/Xf&5 0 5/ a y h 
) I/— if-7 — -^l/fcJSr&ofc. 

[0 0 3 3] 

$e>iC, ZLtliC^#H^,ttiT^XAy ^^CcfcoT^^^Jl 0 0 nm©^ 
M8IH6 0 3 Mbfc„ ^©i:^©S=K^Slii 5 O^C. RF (13. 5 
6MHz) ^A«*l±4 0 OWTf&ofc. #H^,l±HM^tC^^-e, ^K6*flC& 
fifi«)^X«inx.^^ofeo K3i<Z>«£tt9 9. 9%J^±T*^>ofco JEETJttO. 5 
P a^&ofco 
[0 0 3 4] 

4£7£j&Lfc 0 #4 VWmomZl 0 0 ^m-efeofeo ZKZ>fc£. h*7>fx>yf 

S l/^* h 6 0 5 &>f-f h«Stf>_hlC^£*lTV%£: 0 
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[0 0 3 5] 

4xfco roDi-p-r^Se (B) izjjkir. 

[0 0 3 6] 

S&Kl, SS^#S:K2*** KI*£, 1 0" 5 t o r r CDjE^jUaQ^ V- 1/ 
-if-^ (KrFU-if-, $I2 4 8nm, /^I/Xll 1 0 ± J Mt^*;!/ 
^-lOOmJ. JSW^R'5 0J/h*;M l:MibT, Ix-if-y — -/!/& 

[0 0 3 7] 

-foKm&*mg. ^ofc/ui o~ 6 t o r r $.-v*~-tffr?-tf>zn l z£-c>TW^ 

U ZOttm* 3 0#&o£CD*k 9 9. 9 9 %g±0i|iSI©*t^X S: 1 0 0 
tor r * W*>A-|*tC#AU S«£3 0 OlCt'6 0#y^-;i/bfc o 

[0 0 3 8] 

Onm) f:^Cl:^H ^ — A«*g 6 0 8 . 6 0 9 £ Z. ft (DM^lzmtf, L 
[0 0 3 9 ] 

®t?ftSli9 8 0 cm 2 /V- s^&ofc. £bJC, U£VHB«EE Ul^^ 

***;WgJ*flH«#©»at ^i®IS5:SIMSICi:otlgtfc^ 

13 04-0286 






0 3 —J 
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, ^ftlfelX10 19 cm" 3 gK*fcofe. 
[0 0 4 0] 

, mn<DRF7.rty*miZ£^X. 3 X 1 O 17 cm" 3 ©Il0'J>m^l& 
1 0 0 nm®m77^^'J3>M Wife. d<Z)]^l?fci, 
-7--;WC^MS*l£K r F U — If-^ (2 4 8 nm) ICJ:oT, H^^T 
^--;i/S4xSc *«&S3I> SM$i 5 ogc, #H^ttHM^ic i o o%y 
^□f>-Cffi;fr&o. 57\°^.*;i/ (pa) t*&o£ 0 r;nJ>tcii^K^^©fficD^ 

A«iJ»2 0 0WT\ RFMi&$t&13. 5 6MHzT*$>ofe 0 -£<Z>^ Z.<DT 
^fr^T^t/ U 3>J^£ 1 00/tmX500jit mCDS^^lCo: ^ ^ > ^ L 
[0 0 4 1 ] 

2r^-f^->R*^tf^ (S IMS) iCtotllLfe. 
[0 0 4 2] 

$ *>IC, miC^#H^,cp"e©^A°y &miZ£-DTmZffil 0 0 nmO^ 
hft&ltlBISr^J&bfco Z.(D£.&(DmfoUmtel 5 0^C, RF (13. 5 6MH 
z) &A«;fr&4 0 OWTfeofe. #ffl^U±H«ifttcMi"£\ SKimcMi©** 
^liM^^ot. Ii©llli9 9. 9%J^±"e^ofe 0 JBE^teO. 5paT' 

[0 0 4 3] 

j£L£„ 4* >f hm<z>fgtt i o o m^^ofco r<z>£^ K5>fxyf 

[0 0 4 4] 



1 4 



0 4 
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[0 0 4 5] 

S«±#SJC!£*«JceS, 1 0" 5 t o r rOJEE^Tf^S/V-l/- 
*F-% (KrFl/-f-, ^2 4 8 nm, /N°;i/^ipS 1 0 ^ flBS*:c 
-10 0m J, Mlif/N 0 ;i/^iSC5 0 */a y h) ««£>X®fr kflg&f IT, V- 

■fimr-it. v v * » k u >r > mm n^v* jv&f&mmo&m ic# < <d 

[0 0 4 6] 

-WtCS^SrS^, 0" 6 t o r r * 1*9 -tf&^tfy-fK J: oTgtet 

U $ £tC 1 0 0 ,g C&C Atrllfc L£„ :©tM3 0Mof^, 9 9. 9 9% 

a±<Dffim<?)7kmi} * & 1 o o t o r r ^x^^yA-mcmxv, mm*. 3 0 

[0 0 4 7] 
[0 0 4 8] 

©t^il(i9 9 0 cm 2 /V- sTfeofco $£>IC, L^-Mffi 

*i£ «grbfe) am, M*^e> u--if-7--;i/&;}3r&e>z:£icj: y, 

4*>f h«ffi&ON/OFFLfcfc£©KU>f >Stft©Jt*W:5x 10 6 T' 
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fed to 

[0 0 4 9] 

m*S IMSiaotl^bfc^, ^1**1%) 1 X 1 0 19 c m" 3 J^T-e&ofco 
^<3D^ii>M«5 2 0 cm -1 , • fcT- ? <D¥m$£lZ4 . Scm'^'J, — 

[0 0 5 0] 

*S/L> ^>Wtmt. : £<D±<Z>mZ 1 0 nm©Sfl:3ii||«JBii:S:J*S 1 0 nm©S-ffc 

CVDS&fCfcoTfNKl/fc. 
[0 0 5 1] 

^fftgCDffiAtf 1 0" 6 t o r r«T©^J»T?H®ra««Fbfc. 
jftJRBtNS^ttSK: 1 0" 4 t o r r JBtTtC-ftlfrStU JM&tfA&fcV^J: 3 
lC«l3*l£ff$l 1 0" 6 t o r r £T?gM&U ^IH^fr &2£«£ 

gClC<&&L££2u *vyA-<D&llifil 0~ 6 t o r rJgTF©** 

X7?:|64$tT, df^JRSrfeiJ&ofc. * (D % v Mi 9 9 . 

9 9 9 9%JK±©i|«fl^£j&*-^y h&^JBU fro, lppm©y>m 

•ens. ^i^<d£MI»i 5 o^c, mm%izmw&jiz i o o%t;i/:i>t* 

JEi7tt5 x 1 0" 2 t o r r-e&o£c T/I/^> ttzMR-g-tiDfl&tiDtf:* £:§;BI#7tC 

afc&nLfcfrofco r;i/=f>©iisii9 9. 9 9 9 9%j«±tfeofc„ sai*» 

2 0 0WT% RFMtftfKttl 3. 5 6MHzt'feofe. 
[0 0 5 2] 
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Lfc. O^T% ^{C 1 0" 5 t o r rJ^TtC^^tl, ^>;t-^2© 
^■V>A-©f^tC|gtt£;riT^£H2CD^fim£ 1 0~ 6 t o r r £T^£#MlCL 

mici o~ 4 t o r rJXTizumzn, fr%tfA*>&^£.?izmmt$nfcm2<D?- 

•vyA-Zl 0" 6 t o r r *T?3M£U «2<Z>^«gfr &3£«&#»;**Ti&2 
**, JSSiMBCU f t>A-0E**U 0" 6 t o r r«T©t»t'll|TO 
[0 0 5 3] 

f IT, ^2©^-V>A-lC*3»|T*4&JRS.tlfc3Kfl!9 9. 9 9 9 9%^±07 
>^^7;tfX;J3 <fctf^^>;tfX (S i 2 H 6 ) 5:3 : 20f^t'iAb, £tt 
(DiEt^jS: 1 0" 1 1 o r r £ VT=.» fit, f ^>A-(CRF«^?:#Ab, ^ 
XvS:»^3-e:Sfl:3l*©«KS:fei3&ofc. ISLK^il (13. 5 6MHz) tt 
2 0 OWffeofe. 
[0 0 5 4] 

J*&»Tffe, RFffic«&#jLU i20ft>;t-&lO" 6 torrit'^ 
Lfco oVNT% «2©^*>^-©tffl!JK:f8tte>*u 5MW5^3 0f 
1 0" 6 t o r r iTX^l, ^2<z>^^>yt-3^e>^3<o^fll^tcgS 
«&#2ILfc. L/t, fgSO^flf^JS&JgLTai^rS/V-l/— 9*-^ (K r 
Fl/-f-, lS24 8nm, /WbXipg 1 0 ^-y i|fi^;i/^- 1 0 0 m J 
„ I»;^»5 0i/ayh) feffiftfU U— tf-7--;i/£;l3;r&o fc„ 

[0 0 5 5] 

<d <fc o izumm stiTVNfcv^-s-T&oT*, y © all © #> t 

17 04-0286 
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[0 0 5 6] 
[0 0 5 7] 

IcMll^BAU *^Cffi£U Sf^Uffibfc fit, S-fb^SSK 
F^-f 31 y^>**^C<fco Tig?* L 100/imX50 

[0 0 5 8] 

fctt, ratJXST^«Stlfe»J©«JRS:2»c-f^->K«^«fffi (SIMS) ICJ: 
o T5Hr -T -5 3 £ IC <k o TfltS b fen 
[0 0 5 9] 

h^RSr^Lfec Z.<D£%(DmWlUmi*l 5 0,gC, RF (13. 5 6MH 
z) gAtiJtt4 0 0WT*Sofc o ^-y^©^-^yhtt9 9. 9 9 9 9%g 

ADA^^ofeo ^©a^li9 9. 9 9 9%«±t^ofe 0 ffi^jii 5 X 1 0 ~ 2 1 
o r r T&o fco 
[0 0 6 0] 

*<D&. T;i/^-^AI (f$2 0 0 nm) £&#I<Z>H£aSmSlC J: o 
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[0 0 6 1] 

1 0 14 c m"%Ab^ 0 h«H©T&C&, t<D±<DtfJ hnmn?* hUP 
[0 0 6 2] 

££>IC. *^£#:£K£^tCg£, 1 0~ 5 t o r r <D&j]T~^3fis^- \s- 
*f-yt (Kr Fl/-f- ISS2 4 8 nm, A;i/^(la 1 0 / 
-50mJ, m*f^;i/X^5 Oi/nv h) LT, 1^-if 

. - [0 0 6 3] 

<5M®l£#£:i<i:£Bl$£i-<5-#, 2@@© I/ — if— 7^ — ;i4i lx — if — 

Si5:l£T$iire^i:$:@^i:-rSo ^lt, l/-if-<Dffi;W£Pft!f3;iT,& i i: tc 
<fcoT. l taB©i/-if-T--;i/tc<koT^$ti^#l!;S<Z)^:^^M^ttM 

[0 0 6 4] 
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[0 0 6 5] 
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[NAME OF DOCUMENT] Specification 

[TITLE OF THE INVENTION] SEMICONDUCTOR MATERIAL AND METHOD FOR 
FORMING THE SAME AND THIN FILM TRANSISTOR 

[WHAT IS CLAIMED IS: ] 

5 [Claim 1] A semiconductor material produced by a process comprising the 
step of: 

melting a noncrystal silicon film containing therein carbon, nitride, and 
oxygen at a concentration of 5 x 1019 C m-3 or less, preferably, 1 x 1019 cm-3, 
respectively by irradiating said noncrystal silicon film with a laser beam or a 
1 0 light equivalent to the laser beam to crystallize said noncrystal silicon film. 
[Claim 2] The semiconductor material of claim 1 wherein said light comprises 
excimer laser pulse. 

[Claim 3] The semiconductor material of claim 1 wherein said process further 
comprises the step of subjecting the semiconductor material to thermal 

1 5 treatment in an atmosphere comprising hydrogen after the irradiation. 

[Claim 4] A method for forming a semiconductor material comprising the step 
of: 

forming a noncrystal silicon film containing therein carbon, nitride, and 
oxygen at a concentration of 5 x 1019 cm-3 or less, preferably, 1 x 1019 cm- 3 

2 0 respectively; 

and 

melting said noncrystal silicon film by irradiating said film with a laser 
beam or a light equivalent to the laser beam to crystallize the noncrystal 
semiconductor into a crystallized semiconductor. 

2 5 [Claim 5] A method for forming a semiconductor material comprising the step 

of: 

forming a noncrystal silicon film containing therein carbon, nitride, and 
oxygen at a concentration of 5 x 1019 cm-3 or less, preferably, 1 x 1019 cm-3 
respectively; 

3 0 forming a protective film comprising silicon oxide, silicon nitride, and 

silicon carbide on the silicon film; 
and 

melting said noncrystal silicon film by irradiating said film with a laser 
beam or a light equivalent to the laser beam through the protective film to 
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crystallize the noncrystal semiconductor into a crystallized semiconductor. 
[Claim 6] The method of claim 5 wherein the protective film having the 
formula of SiNxOyCz (wherein O^x^ 4/3, 0^y^2, O^z^l, 0<3x+2y+4z^ 4) 
transmits a laser beam or a light equivalent to the laser beam. 
5 [Claim 7] A method for forming a semiconductor material comprising the step 
of: 

forming a noncrystal silicon film containing therein carbon, nitride, and 
oxygen at a concentration of 5 x 1019 C m-3 or less, preferably, 1 x 1019 C m-3 
respectively; 

1 0 melting said noncrystal silicon film by irradiating said film with a laser 

beam or a light equivalent to the laser beam to crystallize the noncrystal 
semiconductor into a crystallized semiconductor; 
and 

subjecting said noncrystal silicon film to thermal treatment at 200 to 

1 5 600 °C in an atmosphere comprising hydrogen after said melting step. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[FIELD FOR INDUSTRIAL USE] 

The present invention relates to semiconductor materials which mainly 
contains silicon. In particular, the present invention aims at promoting the 

2 0 properties of thin film silicon semiconductor materials. By utilizing the 

semiconductor materials in accordance with the present invention, it is 
possible to produce thin film semiconductor devices (such as thin film 
transistors improved the properties). 

[DESCRIPTION OF THE PRIOR ART] 

2 5 Non-crystalline semiconductor materials (so-called amorphous 

semiconductors) and polycrytalline semiconductor materials have been used 
for producing thin film semiconductor devices such as thin film field effect 
transistors and the like. The term "amorphous" signifies not only the 
materials having a disordering in the atomic level, but also includes those 

3 0 having a short range ordering for a distance of about several nanometers. 

Concretely, "amorphous" includes silicon materials having -an electron 
mobility of 10 cm2 /V s or lower and materials having a career mobility 
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lowered to 1 % or less of the intrinsic carrier mobility of the corresponding 
semiconductor materials. Therefore, in general, materials consisting of fine 
crystal aggregates of about 10 nm which are known as microcrystals or 
semiamorphous materials are referred to hereinafter as amorphous. 
5 When the amorphous semiconductor (such as amorphous silicon and 

amorphous germanium) is utilized in the fabrication of a semiconductor 
device, the process can be conducted at a relatively low temperature of 400 
°C or lower. Therefore, much attention is paid to a process using an 
amorphous semiconductor, because such a process is regarded as a promising 
1 0 one for liquid crystal displays and the like, to which a high temperature 
process cannot be applied. 

However, a pure amorphous semiconductor has extremely low carrier 
mobility (electron mobility and hole mobility). Therefore, the pure 
amorphous semiconductors are rarely applied as they are, for example, to 

1 5 channel-forming region of thin film transistor (TFT). In general, these 

amorphous semiconductor materials are irradiated of a high energy beam 
such as a laser beam or a light emitted from a xenon lamp, so that they may 
be molten to recrysatllization and thereby modified into a crystalline 
semiconductor material having an improved carrier mobility. (The process 

2 0 is referred to hereinafter as "laser annealing". It should be noted, however, 

that the high energy beam not necessary be a laser beam, and included in 
the high intensity beam is, for example, a powerful light emitted from a flash 
lamp which has a similar effect to the laser beam irradiation. ) 

However, the carrier mobility of semiconductor materials obtained by 

2 5 laser annealing is lower than that of single crystalline semiconductor 

materials. For example, in the case of a silicon film, the highest reported 
electron mobility is 20 cm2 /V s, which is one seventh of the electron 
mobility of a single crystalline silicon, 1350 cm2 /V s. The property (mainly 
mobility) of semiconductor materials which is obtained by the laser 

3 0 annealing is poor in reproduction, and also the mobility values over the 

single film scatter. Those disadvantages lead to a low product yield of 
semiconductor devices when a plurality of elements are fabricated on a 
single plane. 

b 5 [PROBLEMS THE PRESENT INVENTION INTENDS TO SOLVE] 
( An object of the present invention is to improve the property of thin 

3 



film semiconductor materials generally obtained by the laser annealing, 
which are not practically utilized since the mobility values of them are 
extremely low in contrast with those of single crystal semiconductor 
materials and suffers poor in reproduction That is, an object of the present 
5 invention is to provide a thin film semiconductor material having a high 
mobility and a process for fabricating the same with excellent reproduction. 

[MEANS TO SOLVE THE PROBLEM] 

Raman spectroscopy is an effective method for evaluating the 
1 0 crystallinity of a material, and it has been used with the purpose of 
quantitatively evaluating the crystallinity of a semiconductor film fabricated 
by a laser annealing process. In the study on the laser annealing process, the 
present inventors found that these values such as the center wavenumber, 
the width and the height of the Raman peak of a laser annealed 

1 5 semiconductor film have a close relationship with the properties of the 

semiconductor film. 

For example, the Raman peak exists at 521 cm-' for a single crystal 
silicon. The Raman peak of a laser-annealed silicon film is observed to shift 
to a shorter wavenumber (long wavelength). It is also found that the center 

2 0 wavenumber of this Raman peak is strongly correlated with the career 

mobility of produced thin film semiconductor. 

Referring to Fig. 1, an example which illustrates the relationship above is 
explained. The amorphous silicon film is produced by the laser anneal 
process. Fig. 1 relates the center wavenumber of the Raman peak (axis of 

2 5 abscissa) to the electron mobility of the film (axis of ordinate). The electron 

mobility is obtained by measuring the capacitance-voltage (C-V) 
characteristics on a TFT having fabricated from the silicon film. From Fig. 1, 
it can be seen that the electron mobility for those having a Raman peak 
center of 515 cm-i or higher behave quite differently from the mobilities of 

3 0 those having a Raman peak center below 515 cm-i. More specifically, the 

Raman peak center is more sensitive to change in electron mobility in the 
peak center wavenumber region of 515 cm-i or shorter, in contrast, when 
the peak center wavenumber region is beyond 515 cm-', electron mobility 
rapidly increases as Raman peak center shifts to higher wavenumber. 
3 5 This phenomena is clearly an evidence of the presence of two phases. 

According to the study of the present inventors, the phase observed with a 
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Raman peak at 515 cm-i or lower is assumed as a phase which has achieved 
atomic ordering in the solid phase without undergoing melting, whereas the 
phase having a Raman peak of 515 cm-* of higher is assumably a phase 
having solidified from a liquid phase which has once experienced melting by 
5 laser annealing. 

The center wavenumber of the Raman peak is not more than that of 
single crystal silicon, 521 cm-i, and the highest observed electron mobility is 
about 200 cm2 / Vs. 

In the course of the study for improving the mobility, the present 
1 0 inventors then found that oxygen, nitrogen, and carbon atoms incorporated 
in the film greatly influence the mobility. 

The number of both nitrogen and oxygen atoms which investigated in 
the film are negligible amounts, however, the number of oxygen atoms 
present at the central portion of the film is about 2 x 1021 cm -3. Then, the 

1 5 number of oxygen atoms in the film is decreased to see the change of the 

relation between the Raman peak, center and the electron mobility. 

The concentration of foreign elements such as oxygen, nitrogen, and 
carbon, is referred hereinafter to the concentration of those elements at the 
central portion of the film. 

2 0 The concentration of those elements in the portion near the substrate or at 

the vicinity of the surface is extremely high. The elements in those portions 
are believed to have little influence in the carrier mobility which is to be 
considered in the present invention. In general, within a film, the lowest 
portion in concentration of those foreign elements exists at the central 

2 5 portion of the film. Moreover, it is believed that the central portion of the 

film plays an important role in a semiconductor device such as a field effect 
transistor. From above-mentioned reasons, a concentration of a foreign 
element referred simply in the present specification signifies the 
concentration at the central portion of the film. 

3 0 The influence of oxygen concentration on the relation is illustrated in 

Fig. 2. Obviously, the electron mobility is significantly improved by reducing 
the concentration of the oxygen. A similar tendency is observed for both 
carbon and nitrogen. As an explanation for the results obtained above, the 
present inventors propose two mechanisms as follows. In the case of laser 
3 5 annealing a film containing oxygen atoms at a high concentration, the 
portions which is small amount of oxygen atoms serve as crystal nuclei to 
effect crystal growth during the melting and recrystallization of the film. 
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The oxygen atoms incorporated into the film are driven to the periphery as 
the crystal grow, and are precipitated at the grain boundaries. Thus, the film 
as a whole which results from such a process is lowered in mobility due to 
the barrier created at the grain boundaries. Another possible explanation 
5 the present inventors propose is that the oxygen atoms or the areas rich in 
oxygen concentration (in general, those areas are believed to have a higher 
melting temperature) function as crystal nuclei to effect crystal growth. 
Accordingly, in the case of increasing population of the oxygen atoms, the 
size of the individual crystals becomes smaller because a lot of crystal nuclei 
1 0 generate. This leads to a lower crystallinity and a lower mobility. 

At any rate, extremely electron mobility can be obtained by decreasing 
the oxygen concentration in the film by laser annealing. For example, an 
electron mobility as high as 1000 cm2/V s is obtained by controlling the 
oxygen concentration to 1 x 1019 C m-3. Similar effects are obtained by 

1 5 lowering the concentration of nitrogen and carbon atoms as well. Also, a 

similar tendency is observed on hole mobilities. 

Furthermore, in the case of both high concentration and low 
concentration of oxygen, the curve relating the electron mobility to the 
Raman peak position shows typically a knickpoint as in the case of Fig. 1. 

2 0 The present inventors call the region at the right side of the broken lines in 

Fig. 2 melting and recrystallization region. This is because a film is surmised 
that it has undergone melting and recrystallization upon laser annealing. 
In the melting and recrystallization region, a high mobility is obtained. 

The present inventors found that another similar tendency is observed 

2 5 on the full band width at half maximum (FWHM) of Raman peak. The 

relation is shown in Fig. 3. Axis of abscissa in Fig. 3 is the full band width at 
half maximum ratio (FWHM RATIO), which is defined herein as a ratio. The 
FWHM of a Raman peak obtained on a laser-annealed film is divided by that 
obtained on a single crystal silicon. It may be considered that smaller FWHM 

3 0 RATIO closer to 1 represents a film having a structure similar to that of a 

single crystal silicon. Referring to Fig. 3, if films have the same oxygen 
concentration, it can be seen that the FWHM RATIO becomes closer to 1 with 
increasing electron mobility. Also, as is the case above in the relation 
between the mobility and the Raman peak center, the electron mobility 
3 5 increased with lowering the oxygen concentration in the film. A similar 
tendency is observed on the individual effect of carbon and nitrogen 
concentrations. That is, a higher electron mobility is obtained with 
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decreasing concentration of foreign atoms. Moreover, the similar tendency is 
observed for hole mobilities. The present inventors consider the region at 
the left side of the broken lines in Fig. 3 as melting and recrystallization 
region. 

5 Furthermore, the present inventors found that the electron mobility can 

be intimately correlated with the peak intensity of a peak assigned to the 
amorphous component within the film. Fig. 4 is a graph showing INTENSITY 
RATIO, Raman peak intensity, la (of the peak at a wavenumber of about 480 
cm-i) the amorphous component of the laser annealed silicon films is divided 
10 by Raman peak Ic (of the peak at a wavenumber of about 521 cm-i) of single 
crystal silicon. Referring to INTENSITY RATIO, if films have the same oxygen 
concentration, INTENSITY RATIO is small. That is, the electron mobility is 
higher for films containing less amorphous component of the films electron. 
Furthermore, the electron mobility increased with decreasing oxygen 

1 5 concentration of the film. A similar tendency is observed on the individual 

effect of nitrogen and carbon concentration. The similar tendency is 
observed for hole mobility. As the same with Fig. 2 and Fig. 3, the present 
inventors consider the region at the left side of the broken lines in Fig. 4 as 
melting and recrystallization region. 

2 0 In addition, the present inventors experiential obtained that higher 

carrier mobility with increasing intensity of Raman peaks, and the Raman 
peak intensity is higher for films having lower concentrations of oxygen, 
nitrogen, and carbon. 

Conclusively, from the above description, a higher carrier mobility can 

2 5 be obtained by decreasing the amounts of oxygen, nitrogen, and carbon 

incorporated into the film. In particularly, the present inventors found that 
a high electron mobility can be obtained by reducing concentration of each of 
the foreign atoms to 5 x 1019 cm-3 or lower, more preferably to 1 x 1019 C m- 
3 or less, for example, said electron mobility being as high as 1000 cm2/V s 

3 0 for a silicon film. The present inventors found that this high electron 

mobility can be ameliorated further to a value near to the carrier mobility of 
a single crystal semiconductor can be obtained by decreasing concentrations 
of the elements, and also that the reproducibility of this high mobility can 
be improved. In addition, a hole mobility of from 300 to 500 cm2/V s is 
3 5 obtained by a similar process. 

However, it is difficult to control the concentration of the foreign atoms 
to a value as low as 1 x 1016 C m-3 , even if the laser annealing are to be 
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carried out under an extremely high vacuum to a film containing the atoms 
at a very low concentration (1 x 1016 C m-3 or lower). This is because the 
oxygen gas, nitrogen gas, water molecules, carbon dioxide gas, etc. , are 
trapped into a film during laser annealing. Otherwise, it is presumably due 
5 to the presence of a gas having absorbed on the surface of the film, which is 
then trapped into the film during the laser annealing. 

To avoid these difficulties, a particular fabrication process is required. 
One of such processes is to first cover the surface of an amorphous 
semiconductor containing the foreign atoms of oxygen, nitrogen, and carbon 
10 at an extremely low concentration, for example, 1015 cm-3 or lower to 
fabricate a protective film such as of silicon oxide, silicon nitride, and silicon 
carbide, and then laser annealing the film under a high vacuum (a pressure 
of 10-4 torr or lower). Such a process enables a semiconductor film having 
very high mobility, with extremely low concentrations for oxygen, nitrogen, 

1 5 carbon. For example, a silicon film having an electron mobility of 1000 

cm2/Vs is obtained with each of the concentrations of carbon, nitrogen, 
oxygen being controlled to 1 x 1015 atoms cm-3 or lower. 

When the protective films, such as of silicon oxide, silicon nitride, and 
silicon carbide, can be favorably deposited on the surface of an amorphous 

2 0 semiconductor film, a preferred process comprises, for example, depositing 

an amorphous semiconductor film in a chamber equipped with a single 
vacuum apparatus, using a chemical vapor deposition (CVD) process or a 
sputtering process, and the like. Then, in the same chamber, continuously 
depositing the protective film while maintaining the same previous 

2 5 atmosphere or by once evacuating the chamber to an extreme vacuum and 

then controlling the atmosphere to a one proper for the film deposition. 
However, to further improve the yield, the reproducibility, and the reliability 
of the products, it is preferred that independent chambers are provided so 
that the films are deposited separately therein, and that the amorphous film 

3 0 once deposited in a particular chamber is transferred to another chamber 

while maintaining the high vacuum, The selection of a particular film 
deposition process depends on the plant and equipment investment. At any 
rate, the important points to be assured are to sufficiently reduce the 
amount of oxygen, nitrogen, and carbon in the amorphous semiconductor 
3 5 film and to avoid adsorption of gases on the interface of the amorphous 
semiconductor film and a silicon nitride protective film. For example, when 
a high purity amorphous semiconductor film is deposited on a silicon nitride 



film, if the amorphous film are to be once exposed to the atmosphere, in 
general, such an amorphous film would yield a low carrier mobility even 
after laser annealing, and moreover, the probability to obtain a high mobility 
would be very low. This is believed due to the gas adsorbed on the surface 
5 of the amorphous semiconductor film which later diffuse into the film at the 
laser annealing process. 

The protective film may be made from any material capable of 
transmitting a laser beam, and usable are silicon oxide, silicon nitride, silicon 
carbide, and a material comprising a mixture thereof and represented by the 
1 0 chemical formula SiNxOyCz (where, 0 ^ 4/3; 0 ^ y ^ 2; 0 ^ z ^ 1; and 0 
?S 3x +2y+4z ^ 4). Preferably, the thickness of the film is in the range of 
from 50 to 1000 nm. 

In the present invention, it is shown that a semiconductor film having a 
high carrier mobility can be obtained by reducing the concentration of 

1 5 oxygen, nitrogen, and carbon of the amorphous semiconductor film and 

during the laser annealing process; thus, those values, such as electron 
mobility or hole mobility are an average value of channel forming area and 
fail to give the individual mobilities at particular minute portions within the 
channel-forming area. However, referring to Fig,l to 4 of the present 

2 0 invention and related description, it is elucidated that the carrier mobility 

can be univocally defined from the parameter such as the wavenumber of 
the Raman peak center, the FWHM of the Raman peak, and the intensity of 
the Raman peak attributed to the amorphous content in contrast to that of 
the whole Raman peak. Therefore, by the information available from Raman 

2 5 spectroscopy, it is possible to approximately obtain the mobility of a minute 

area to which a direct measurement cannot be applied. 

Fig. 5 is a graph showing FWHM of the Raman peak for each position of 
channel forming areas formed by laser annealing of field effect transistors 
whose electron mobilities are found 22 cm2/Vs, 201 cm2/Vs, and 980 

3 0 cm2/Vs. Referring to Fig. 5, the axis of abscissa is the position of the channel 

forming area. L shows the channel length of 100 and X shows the 

coordinate of the channel forming area. Thus, X/L=0 corresponds to the 
boundary between the channel-forming area and the source area, X/L=l 
represents the boundary between the channel forming area and the drain 
3 5 area, and X/L=0.5 indicates the center of channel forming area. 

It can be seen from Fig. 5 that the field effect transistor having an 
electron mobility of 22 cm2 /Vs has a large FWHM with little fluctuation. The 
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data is in agreement with the previous observations of the present inventors 
referring to Fig. 3, i.e. , that the crystallinity approaches to that thereby the 
electron mobility is increased with reducing FWHM. These data show, in 
addition, that the positional variation in FWHM (dependence of FWHM on 
5 position) is low and hence a uniform acrstalklinity is obtained over the whole 
film. The film yielded an oxygen concentration of about 8 x 1020 cm-3, and it 
is assumed that it dose not undergo melting during laser annealing. 

On the other hand, the field effect transistor having an electron mobility 
of 201 cmVVs also yields an oxygen concentration of 8 x 1020 cm-3 . As 
1 0 shown in Fig. 5, the FWHM is lowered over the whole area, and is largely 
dependent on the position. Moreover, some points yielded FWHM values 
comparable to, or even lower than those of the channel-forming area having 
an electron mobility of 980 cm2/V s. A low FWHM is suggestive of a high 
electron mobility at that point. That means that a localized portion having a 

1 5 high crystallinity equal to that of a single crystal silicon is present. However, 

from the viewpoint of mass production as devices, such a material having 
large local fluctuation is not favorable despite a high mobility. 

The field effect transistor having an electron mobility of 980 cm2/Vs 
yields an oxygen concentration of about 1 x 1019 cm-3, which is considerably 

2 0 lower than those of two above. From Fig. 5, it can be seen that the FWHM is 

lowered over the whole area, and is largely dependent on the position. That 
is suggestive of a high electron mobility over the whole area and that it is 
composed of a material having a high crystallinity equal to that of a single 
crystal silicon. It is suitable for mass production to be used for devices. 

2 5 To obtain high carrier mobility, not only the concentration of the foreign 

atoms of the amorphous semiconductor film should be lowered but also the 
condition for the laser annealing must be optimized as mentioned above. 
The condition for laser annealing vary depending on the operating condition 
of the laser (such as whether the laser is operated in a continuous or in a 

3 0 pulsed mode, the repetition cycle, beam intensity, wavelength, and the 

coating ). Therefore, the condition is not necessarily decided. The laser to be 
used is ultraviolet-emitting lasers such as the various types of excimer 
lasers, and lasers emitting light in the visible and infrared regions, such as a 
YAG laser. A suitable laser should be selected depending on the thickness of 
3 5 the film to be laser-annealed. That is, in silicon or germanium materials, the 
laser cannot be achieved at deep portion and is effected at relatively shallow 
portions on the surface, because the materials have a short absorption length 
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for UV light. On the other hand, because those materials have a longer 
absorption length for a light in the visible and infrared regions, such a beam 
penetrate relatively deep portions. Thus, it is possible to obtain a laser- 
annealed portion only at the vicinity of the film surface by properly selecting 
5 the thickness of the film and the type of the laser. Anyway, a high carrier 
mobility can be obtained by selecting such as laser wavelength and intensity, 
so that melting and recrystallization may occur on the film. To sufficiently 
effect melting, the temperature of the portion annealed by laser should be 
maintained at not lower than the melting point of the semiconductor under 
1 0 process for a long duration. Therefore, in the case of melting silicon, it 
requires heating to 1400 °C or higher under the atmospheric pressure. In 
the case of melting germanium, it requires heating to 1000 °C or higher 
under the atmospheric pressure. However, for example, in an extremely 
short period of 10 nsec as practiced in excimer lasers, a temperature as high 

1 5 as 2000 °C or even higher is achieved instantaneously and spectroscopically 

observed. Such a high temperature dose not always cause melting of the 
film. Therefore, there is no sense in the definition of the temperature. 

In addition, it is effective to anneal of a laser-annealed semiconductor 
film in hydrogen gas atmosphere at a temperature of from 200 to 600 °C for 

2 0 a duration of from 10 minutes to 6 hours in order to obtain a high carrier 

mobility at an improved reproducibility. This is presumably due to the 
formation of many dangling bonds at the interatomic bonding sites within 
the semiconductor during the laser annealing, which is effected 
simultaneously with the crystallization. Such dangling bonds then function 

2 5 as barrier to the carriers. If a considerable amount of oxygen, nitrogen, and 

carbon atoms are to be incorporated in the semiconductor, those foreign 
atoms may enter into the interstices of such dangling bonds. However, when 
the concentrations of oxygen, nitrogen, and carbon are extremely low 
according to the present invention, the dangling bonds remain as they are 

3 0 and therefore require a further annealing in hydrogen atmosphere after the 

laser annealing. 

[EXAMPLE] 
[EXAMPLE 1] 

3 5 A planar TFT is fabricated and the electric characteristics thereof are 

evaluated. Referring to Fig. 6, the fabrication process is described. First, an 
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amorphous silicon film having a thickness of about 100 nm deposited by a 
conventional RF sputtering process. In the sputtering process, quartz 601 is 
used as a substrate, a substrate temperature is 150 °C, an atmosphere 
consists of substantially 100 % argon, and a pressure is 0.5 Pascal (Pa). . The 
5 concentration of argon is 99.99 % or higher, without adding other gases such 
as hydrogen intentionally. The sputtering is conducted at a power input of 
200 W and an RF frequency of 13.56 MHz. Thereafter, the amorphous silicon 
film is etched into a 100 u m x 500 ix m rectangular to obtain an amorphous 
silicon film 602. 

1 0 The concentrations of the oxygen, nitrogen, and carbon are measured by 

secondary ion mass spectroscopy (SIMS) to be respectively 1019 cm-3 or less. 

The film is then placed in a vacuum vessel controlled to a vacuum of 10- 
5 Torr for laser annealing. An excimer laser beam (a KrF excimer laser, a 
wavelength of 248 nm, pulse duration of 10 nsec, an irradiation energy of 

1 5 200 mJ, and a pulse repetition of 50 shots) is irradiated to the film through 

the quartz window which to effect laser annealing to the film. 

Moreover, a gate insulating film 603 having a thickness of about 100 nm 
is deposited by sputtering in an oxygen atmosphere. The film deposition is 
conducted at a substrate temperature of 150 °C and an RF (13.56 MHz) 

2 0 power- input of 400 W. The atmosphere thereof is substantially oxygen, and 

no other gas is intentionally added. The concentration of oxygen gas is of 
99.9 % or higher purity, and the pressure thereof is 0.5 Pa. 

Then, an aluminum film (a 200 nm thick) is deposited by a known 
vacuum deposition process, and is further subjected to a conventional dry 

2 5 etching process to remove the unnecessary portion to obtain a gate electrode 

604. The width of the gate electrode is 100 ix m. At this point, photoresist 
605 used in the dry etching process is left on the gate electrode. 

Then, boron ions of 1014 C m-2 are doped to the whole structure other 
than the gate electrode by ion implantation. The gate electrode and the 

3 0 photoresist thereon are utilized as a mask to avoid doping of boron ions to 

the portion under the gate. In this process, impurity area, that is, a source 
area 606 and a drain area 607 are obtained in the silicon film. The resulting 
structure is given in Fig. 6. 

Furthermore, a whole substrate is placed in a vacuum vessel. Laser 
3 5 annealing is operated by irradiating an excimer laser beam (a KrF excimer 
laser, a wavelength of 248 nm, pulse duration of 10 nsec, an irradiation 
energy of 100 mJ, and a pulse repetition of 50 shots). The impurity areas 
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which are made amorphous by the ion doping are recrystallized. 

Then, thermal annealing is conducted in an atmosphere of hydrogen. 
The substrate is placed in a chamber equipped with a vacuum-evacuating 
means. The chamber is first evacuated to a vacuum of 10-6 Torr by using a 
5 turbo molecular pump. This state is maintained for 30 minutes, and then a 
purity hydrogen gas of 99.99 % or higher is introduced into the chamber 
until the pressure is recovered to 100 Torr. The substrate is annealed at 300 
°C for 60 minutes. The vessel is once evacuated to remove the adhered 
gases, water, and the like from the film because it had been known 
1 0 experientially that if the thermal annealing is conducted in the condition that 
they are left on the films, a high mobility with reproducibility cannot be 
obtained. 

Finally, a silicon oxide film (a 100 nm thick) which exists on the top of 
the source and drain areas is perforated to form the aluminum electrodes 

1 5 608 and 609. As a result of the above mentioned process, a field effect 

transistor is obtained. 

According to the measurement of C-V characteristics on this field effect 
transistor, an electron mobility for the channel forming area is 980 cm2/V s, 
and the threshold voltage is 4.9 V. The concentrations of oxygen, nitrogen 

2 0 and carbon in the channel forming area are each measured by SIMS to be 1 x 

10 19 cm-3 or lower. 

[EXAMPLE 2] 

A planar TFT is fabricated and the electric characteristics thereof are 

2 5 evaluated. First, an amorphous silicon film containing phosphorus at a 

concentration of 3 x 1017 C m-3 is deposited to a thickness of about 100 nm 
by a conventional RF sputtering process. The amorphous silicon film having 
this thickness can be wholly annealed by a KrF laser beam (a wavelength of 
248 nm). In the sputtering process, quartz is used as a substrate, a 

3 0 substrate temperature is 150 °C, an atmosphere consists of substantially 100 

% of argon, and a pressure is 0.5 Pascal (Pa). The concentration of argon is 
99 99 % or higher, without adding other gases such as hydrogen 
intentionally. The sputtering is conducted at a power input of 200 W and an 
RF frequency of 13.56 MHz. Thereafter, the amorphous silicon film is etched 
3 5 into a 100 ul m x 500 Aim rectangular. 

The concentrations of the oxygen, nitrogen, and carbon are measured by 
secondary ion mass spectroscopy (SIMS) to be respectively 1019 C m-3 or less. 
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Moreover, a gate insulating film having a thickness of about 100 nm is 
deposited by sputtering in an oxygen atmosphere. The film deposition is 
conducted at a substrate temperature of 150 °C and an RF (13.56 MHz) 
power input of 400 W. The atmosphere is substantially oxygen, and no other 
5 gas is intentionally added. The concentration of oxygen gas is 99.9 % or 
higher, and the pressure thereof is 0.5 Pa. 

Then, an aluminum film (a 200 nm thick) is deposited by a known 
vacuum deposition process, and is further subjected to a conventional dry 
etching process to remove the unnecessary portion to obtain a gate electrode. 
10 The width of the gate electrode is 100 ul m. At this point, photoresist used in 
the dry etching process is left on the gate electrode. 

Then, boron ions of 1014 C m-2 are doped to the whole structure other 
than the gate electrode by ion implantation. The gate electrode and the 
photoresist thereon are utilized as a mask to avoid doping of boron ions to 

1 5 the portion under the gate. In this process, impurity areas, that is, a source 

area and a drain area are obtained in the silicon film. 

Furthermore, a whole substrate is placed in a vacuum vessel. Laser 
annealing is operated by irradiating an excimer laser beam (a KrF excimer 
laser, a wavelength of 248 nm, pulse duration of 10 nsec, an irradiation 

2 0 energy of 100 mJ, and a pulse repetition of 50 shots) from the back of the 

substrate. In this process, the amorphous silicon film is crystallized. This 
method is different from that of Example 1, that is, recrystallization of both 
the source area or the drain area and the channel forming area is conducted 
at the same time. Therefore, a favorable boundary with a continuous 

2 5 crystallinity can be obtained with less defects as compared with the process 

of Example 1 in which a lot of defects are found to generate in the boundary 
between the source or drain area and the channel forming area. 

Then, thermal annealing is conducted in an atmosphere of hydrogen. 
The substrate is placed in a chamber equipped with a vacuum-evacuating 

3 0 means. The chamber is first evacuated to a vacuum of 10-6 Torr by using a 

turbo molecular pump. This state is maintained for 30 minutes, and then a 
purity hydrogen gas of 99.99 % or higher is introduced into the chamber 
until the pressure is recovered to 100 Torr. The substrate is annealed at 300 
°C for 60 minutes. The vessel is once evacuated to remove the adhered 
3 5 gases, water, and the like from the film because it had been known 
experientially that a high mobility with reproducibility cannot be obtained 
for the films having thermally annealed with those impurities being adhered 
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thereto. 

Finally, a silicon oxide film (a 100 nm thick) which exists on the top of 
the source and drain areas is perforated to form the aluminum electrodes. 
As a result of the above mentioned process, a field effect transistor is 
5 obtained. 

According to the measurement of C-V characteristics on this field effect 
transistor, an electron mobility for the channel forming area is 980 cm2/V s, 
and the threshold voltage is 3.9 V. The threshold voltage is improved 
(lower) as compared with that of Example 1 because both the impurity areas 

1 0 and the channel forming area are crystallized uniformly at the same time by 

laser annealing from the back. Furthermore, the drain current ratio at the 
ON/OFF of the gate voltage is 5 x 106. 

The concentrations of oxygen, nitrogen and carbon in the channel 
forming area of the field effect transistor are each measured by SIMS to be 1 
15 x 1019 cm -3 or lower. By the Raman spectroscopy, the channel forming area 
is found that the center wavenumber of the Raman peak is 520 cm-i and the 
FWHM of the Raman peak is 4.5 cm-i. The presence of a once melted and 
recrystallized silicon is evidenced by those results. 

[Example 3] 

2 0 A planar TFT is fabricated and the electric characteristics thereof are 

evaluated. First, an amorphous silicon film having a thickness of about 100 
nm and a silicon nitride film having a thickness of 10 nm thereon are 
continuously deposited on a quartz substrate coated with a silicon nitride 
film having a thickness of 10 nm by using a film-deposition apparatus 

2 5 having two chambers. The amorphous silicon film is deposited by a 

conventional sputtering method, and the silicon nitride film is deposited by a 
glow-discharge plasma chemical vapor deposition (CVD). 

At first, the substrate is set in a first pre-chamber which is heated to 
200 °C and evacuated to a pressure of 10-6 Torr or lower. The state is 

3 0 maintained for 1 hour. Subsequently, an air-tight first chamber, which is 

constantly controlled to a pressure of 10-4 Torr or lower except for the case 
of film deposition, is evacuated to 10-6 Torr. The substrate is transferred 
from the first pre-chamber to the first chamber and set therein, at which 
point the chamber is evacuated to 10-6 Torr or lower while maintaining the 
3 5 substrate and the target to a temperature of 200 °C for a -duration of 1 hour. 
Then, argon gas is introduced into the chamber to generate an RF plasma for 
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film deposition by sputtering. A 99.9999 % or higher purity silicon target 
containing 1 ppm of phosphorus is used for the target. The film deposition is 
conducted with the substrate temperature of 150 °C, in an atmosphere 
containing substantially of 100 % argon gas at a pressure of 5 x 10-2 Torr. No 
5 gases, such as hydrogen, are added to argon intentionally. The concentration 
of argon gas used herein is 99.9999 % or higher purity. The sputtering is 
operated at an input power of 200 W and an RF frequency of 13.56 MHz. 

After completion of the film deposition, the RF discharge is cut off, and 
while evacuating the first chamber to a vacuum of 10-6 Torr, air-tight second 
1 0 pre-chamber, which is provided between the first and second chambers and 
is constantly maintained to a pressure of 10-5 Torr or lower, is vacuum- 
evacuated to 10-6 Torr, so that the substrate may be transferred therein 
from the first chamber. Then, an air-tight second chamber, which is always 
maintained at a pressure of 10* 4 Torr or lower except for the case of carrying 

1 5 out a film deposition, is evacuated to 10-6 Torr to set therein the substrate 

having transferred from the second pre-chamber. While maintaining the 
substrate and the target to a temperature of 200 °C in the second chamber, 
the chamber is evacuated to maintain the substrate under a pressure of 10-6 
Torr or lower for 1 hour. 

2 0 Then, a gas mixture diluted with hydrogen and comprising a 99.9999 % 

or higher purity ammonia gas and disilane (Si2H6) gas at a ratio of 3:2 is 
introduced in the second chamber to control the overall pressure to 10- ^ 
Torr. An RF current is applied to the chamber to generate a plasma therein, 
so that a silicon nitride film might be deposited on the substrate. The power 

2 5 input is 200 W, at a frequency of 13.56 MHz. 

After completion of the film deposition, the RF discharge is cut off. 
While evacuating the second chamber to 10-6 Torr, a third pre-chamber, 
which is provided at one side of the second chamber and having a quartz 
window, is vacuum evacuated to 10-6 Torr, at which point the substrate is 

3 0 transferred from the second chamber to the third pre-chamber. Then an 

excimer laser (a KrF excimer laser, a wavelength of 248 nm, a pulse duration 
of 10 nsec, an irradiation energy of 100 mJ, a pulse repetition of 50 shots) is, 
irradiated to the film through the window of the pre-chamber to effect the 
laser annealing. Thus is the amorphous silicon film crystallized. 
3 5 As mentioned above, this process according to the present example 

conducts continuously the laser annealing from the point of film deposition 
without substantially disturbing the vacuum state. Therefore, it is 
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particularly effective for improving the product yield in the case of forming 
a protective film on the amorphous semiconductor film. Accordingly, the 
process is effective in the case of forming no protective films described in 
Example 1 and 2. Assumedly, the films are maintained free from adhesion of 
5 dusts, etc. , from adsorption of water and gases, and from scratched and 
other defects. 

The process is of continuously conducting the film deposition and the 
laser annealing thereof as described above, may be carried out in two ways. 
One is establishing a film-deposition chamber and separately a pre-chamber 
10 as the present example, and providing a window in the pre-chamber to 
effect the laser annealing. The other is providing the window to the film 
deposition chamber so that the laser annealing may be effected subsequently 
to the film deposition. The latter process, however, requires etching of the 
film adhered the window during the film deposition process, since the film 

1 5 deposition make the window transparent. Therefore, the former process is 

favorable from the viewpoint of mass production and the maintenance costs. 

After the laser annealing is finished in the third pre-chamber, a dry 
nitrogen gas is introduced into the third pre-chamber to recover the 
atmospheric pressure. The substrate is then taken out from the third pre- 

2 0 chamber, and the silicon nitrogen film is removed the silicon film into be 100 

fj. m x 500 p. m rectangle shape by a known dry etching. 

The concentrations of oxygen, nitrogen and carbon in the film are each 
to be 1016 cm- 3 or lower. It is confirmed by secondary ion mass 
spectroscopy (SIMS) performed on the other film fabricated by the same 

2 5 process. 

Moreover, a gate insulating film of a thickness of about 100 nm is 
deposited by sputtering in an oxygen atmosphere. The film deposition is 
conducted at a substrate temperature of 150 °C, an RF (13.56 MHz), power 
and input of 400 W. As a target of sputtering, 99.9999 % or higher purity 

3 0 silicon oxide is utilized. The atmosphere is substantially oxygen, and no 

other gas is intentionally added. The concentration of oxygen gas is 99.999 % 
or higher, and the pressure thereof is 5 x 10-2 Torr. 

Then, an aluminum film (a 200 nm thick) is deposited by a known 
vacuum deposition process, and is further subjected to a conventional dry 
3 5 etching process to remove the unnecessary portion to obtain a gate electrode. 
The width of the gate electrode is 100 Mm. At this point, photoresist used in 
the dry etching process is left on the gate electrode. 
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Then, boron ions of 1014 C m-2 are doped to the whole structure other 
than the gate electrode by ion implantation. The gate electrode and the 
photoresist thereon are utilized as a mask to avoid doping of boron ions to 
the portion under the gate. In this process, impurity areas, that is, a source 
5 area and a drain area are obtained in the silicon film. 

Furthermore, a whole substrate is placed in a vacuum vessel. Laser 
annealing is operated by irradiating an excimer laser beam (a KrF excimer 
laser, a wavelength of 248 nm, pulse duration of 10 nsec, an irradiation 
energy of 50 mJ, and a pulse repetition of 50 shots) from the back of the 
1 0 substrate. In this process, the amorphous silicon film in the impurity areas 
which are made amorphous by ion doping is crystallized. 

This process is similar to that described in Example 1 in the point that 
the laser annealing is conducted in two steps, however, the present process 
aims to form a continuous junction between the impurity regions and the 

1 5 channel forming area by irradiating the second laser beam from the back of 

the substrate. In particular, the first laser annealing is conducted for the 
purpose of producing a film of high carrier mobility by effecting melting- 
recrystallization, whereas the second laser annealing is conducted at a lower 
laser output to accelerate ordering in the microscopic level while avoiding 

2 0 melting of the film, and to thereby reduce the resistance in the impurity 

area. Since the laser output is controlled to a lower level, the crystalline area 
of high carrier mobility (mainly the channel forming area) having 
established in the first laser annealing remain unaffected in the second laser 
annealing. Furthermore, as described in Example 2, a boundary having 

2 5 continuous crystallinity reduced in defects can be obtained between the 

source or drain area and the channel forming area. 

In the different process from that described in Example 2, the first laser 
annealing is conducted for the fabrication of the channel forming area. That 
is because laser annealing by irradiation of an ultraviolet laser beam from 

3 0 the substrate surface is effective for the surface portion to which the 

ultraviolet laser beam irradiated, and is not sufficiently effective for deeper 
portion, that is, there is a high possibility that a high mobility cannot be 
obtained in the deeper portion. Thereby production yield may be lowered. 
Laser irradiation from the back of the substrate is not sufficiently effective 
3 5 for obtaining a high mobility in an area in contact with the gate electrode. It 
is fatal for a field- effect transistor, therefore the irradiation from the surface 
of film is desired. To increase the production yield, the first laser annealing 

1 8 




is carried out by irradiating a laser beam to the amorphous silicon film from 
the surface side thereof and the second laser annealing is carried out by 
irradiating a laser beam to the film from the back of the substrate to 
establish a continuous junction between the channel forming area and 
5 impurity areas in the present example. 

Then, thermal annealing is conducted in an atmosphere of hydrogen. 
The substrate is placed in a chamber equipped with a vacuum-evacuating 
means. The chamber is first evacuated to a vacuum of 10-6 Torr by using a 
turbo molecular pump and heated to 100 °C. This state is maintained for 30 

1 0 minutes, and then a purity hydrogen gas of 99.99 % or higher is introduced 

into the chamber until the pressure is recovered to 100 Torr. The substrate 
is annealed at 300 °C for 60 minutes. The vessel is once evacuated to 
remove the adhered gases, water, and the like from the film because it had 
been known experientially that a high mobility with reproducibility cannot 
15 be obtained for the films having thermally annealed with those impurities 
being adhered thereto. 

Finally, a silicon oxide film (a 100 nm thick) which exists on the top of 
the source and drain areas is perforated to form the aluminum electrodes. 
As a result of the above mentioned process, a field effect transistor is 

2 0 obtained. 

One hundred field effect transistors above are fabricated and C-V 
characteristics of them are measured. An average electron mobility for the 
channel forming area is 995 cm^/Vs. The threshold voltage is 4.2 V in 
average. The drain current ratio is found to be 8 x 106 in average. The 

2 5 standard values for the electron mobility, the threshold voltage, and the 

drain current ratio are set to 800 cm2/Vs, 5.0 V, and 1 x 106, respectively. 
When one hundred field effect transistors are examined to know whether it 
is favorable or not by the standard values, ninety-one out of one hundred 
field effect transistors are found as being favorable. 

3 0 The concentrations of oxygen, nitrogen and carbon in the channel 

forming area of the favorable field effect transistor are each measured by 
SIMS to be 1 x 1016 C m-3 or lower. 

[EFFECT OF THE INVENTION] 

The present invention provides thin film semiconductors of high 
3 5 mobility with excellent reproducibility. - In the present invention, the- 
description above is made mainly on the laser annealing of a thin film 
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semiconductor deposited on an insulating substrate made of quartz and the 
like. As a material for a substrate, single crystal semiconductor such as 
single crystal silicon substrate which is used in monolithic IC, etc. can be 
applied to. Furthermore, in addition to the silicon film which is described in 
5 great detail in the examples, the present invention can be applied to a 
germanium film, silicon-germanium alloy films, or films of various other 
intrinsic semiconductor materials. As described hereinbefore, it should be 
further noted that the term "laser annealing", which is used as a means of 
increasing the mobility of an amorphous film, refers inclusively to means in 
1 0 which a high density optical energy is used, such as a flash lamp annealing. 
Thus, it should be noted that a process using a high density optical energy 
for improving the crystallinity of a semiconductor material is within the 
scope of the present invention. 

[BRIEF DESCRIPTION OF DRAWING] 

1 5 [Fig. 1] shows the relation between the center wavenumber of the Raman 

peak (RAMAN SHIFT, axis of abscissa) and electron mobility (axis of 
ordinate) of a laser annealed silicon film. The oxygen concentration of the 
film is found to be 2 x 1021 cm-3, 

[Fig. 2] shows the relation between the center wavenumber of the Raman 

2 0 peak (RAMAN SHIFT, axis of abscissa) and the electron mobility (axis of 

ordinate) of laser annealed silicon films with varying oxygen concentration. 

[Fig. 3] shows the relation between the ratio of the full band width at half 
maximum of the Raman peak for a laser annealed silicon film (FWHM RATIO, 
axis of abscissa) to the FWHM of the Raman peak for a single crystal silicon 

2 5 and the electron mobility (axis of ordinate), for a laser annealed silicon film 

with varying oxygen concentration. 

[Fig. 4] shows the relation between the peak intensity ratio (Ia/Ic, axis of 
abscissa) and the electron mobility (axis of ordinate) for laser annealed 
silicon films with varying oxygen concentration, where la represents the 

3 0 Raman peak intensity (of the peak at a wavenumber of 480 cm-i) for the 

amorphous component of the laser annealed silicon film, and Ic represents 
the Raman peak intensity (at 521 cm-i) for the single crystal silicon 
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[Fig. 5] shows a position dependent change of FWHM of the Raman peak for 
the channel forming area of field effect transistors, axis of abscissa: FWHM, 
axis of ordinate: X/L (L: channel length) 

5 [Fig. 6] shows an example referring to a process for fabricating a field effect 
transistor. 
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